Introduction
Nonlethal or noninvasive tissue sampling techniques for monitoring contaminants in fish are an attractive alternative to the traditional lethal methods of obtaining muscle fillets. However, concerns related to nonlethal sampling must also be considered; these include postsampling survival of the organism and whether the typical small sample size and subsequent tissue extraction procedures will yield detectable and comparable results to those obtained from whole fish or muscle fillets. Recently, Baker et al.
(1) applied this concept successfully with muscle tissue biopsies from lake whitefish (Coregonus clupeaformis) and northern pike (Esox lucius) for the analysis of mercury (Hg) and found that concentrations were similar to those from whole fish. They also found that, after 1 year postbiopsy, there were no differences in survival between the nonlethally sampled fish and the nonbiopsied controls (1). Other studies have used nonlethal sampling techniques to obtain information on genetic profiles of fish populations by sampling low-risk tissues such as erythrocytes; blood plasma; caudal, pelvic, and adipose fin; and scale-epithelial tissue with little to no adverse effects on individual fish (2, 3).
The adipose fin of fish is a small, fleshy, lipid-laden, nonrayed fin that is highly conserved among some basal teleosts (4) such as salmonids (e.g., salmon, trout) and ictalurids (e.g., catfish). The removal of the adipose fin has been used for many decades by fishery scientists in markrecapture studies to estimate population sizes, primarily in species belonging to the family Salmonidae (5) . For example, in 1984, over 6 million steelhead (Oncorhynchus mykiss) from a hatchery in Idaho were marked with an adipose fin clip to differentiate between wild and hatchery raised fish. Prior to release, the trout were examined for clip healing and mortality. Complete healing of the excision was observed in less than 4 weeks, and from the 6 million fish marked, only 0.3% mortality was observed (6) . Numerous other studies have reported that adipose fins clipped from various species of catfish, trout, and salmon for marking purposes have not caused deleterious effects on growth, weight, or condition of fish and that the approximate cost of performing an adipose fin clip is as low as 2 cents per fish (US $0.02) (5, 7, 8) .
Despite the remarkably low occurrence of adverse effects to fish from removing the adipose fin, coupled with its relatively low-cost to perform, there have been no reports, to our knowledge, investigating the use of nonlethal sampling of the adipose fin to estimate concentrations of organic contaminants. An extensive search of primary literature databases revealed only one study in which the adipose fin of fish had been evaluated for its indicative value in contaminant assessments; that study involved the assessment of Hg in brown trout (Salmo trutta) and was conducted in 1986 (9) .
Likewise, there are many limitations associated with sampling and measuring ultratrace concentrations of contaminants in surface waters to predict exposure and bioaccumulation of chemicals in fish tissue. The use of passive sampling devices (PSDs) has offered a relatively new and less labor intensive method of monitoring waterborne contaminants for biological exposure assessment. PSDs function by passively accumulating hydrophobic organic contaminants (HOCs) in a polymeric (lipid-like) membrane in a time-integrated manner. The most common use of PSDs is to provide an estimate of exposure concentrations in water.
This process requires additional kinetic information (uptake rate constants) that can be determined in controlled laboratory or field settings (10) (11) (12) . Uptake rate constants have been determined for many environmental pollutants that have known toxicological consequences in aquatic organisms, including polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and organochlorine pesticides (OCPs) for passive samplers, such as semipermeable membrane devices (SPMDs) and chemical exposure dosimeters (CEDs) (10, 11, (13) (14) (15) (16) .
Because PSDs passively accumulate contaminants into lipid-like phases, not only do they function as a means to estimate environmental exposure concentrations but they also serve as a biomimetic tool by mimicking the uptake of HOCs by aquatic organisms from the water phase. Many studies have examined the potential of using SPMDs to correlate uptake of HOCs with finfish (10, 17) . The strength of this correlation has been dependent upon the species examined, because different fish species are unique in their ability to metabolize xenobiotics, contain different body lipid compositions, and vary in food habits and migratory patterns. The best correlations have been observed with persistent, lipophilic compounds that have minimal dietary uptake in organisms (12) .
We initiated research to study the potential of using adipose fin tissue as a nonlethal sampling technique to assess fish contamination by PCBs and OCPs and to test the efficacy of externally attaching PSDs directly to individual fish (a mobile PSD) to determine location-specific contaminant concentrations, in conjunction with an ongoing population study of flathead catfish (Pylodictis olivaris) in the Deep River of North Carolina, during the summer of 2004. The concentrations of PCBs and OCPs measured in the adipose fin of fish were compared to those obtained from mobile PSDs (i.e., the PSDs that were affixed directly to the flathead catfish), as well as stationary PSDs deployed at sites in the river. Therefore, the objectives of this study were to determine if adipose fin tissue provides an accurate estimate of organic contaminant concentrations in fish axial muscle fillets and if mobile PSD technology can be used as a tool for measuring location-specific organic contaminants in fish.
Experimental Section
Site Description. The study area was in an impounded reach of the Deep River in Moore and Lee counties of North Carolina. The area is approximately 25 km west of Sanford, NC, and 220 km from the mouth of the Cape Fear River, where it discharges into the Atlantic Ocean. The study reach was located between the Glendon-Carthage Road Bridge and Carbonton Dam and is a medium-sized river in the upper Cape Fear drainage at this location. The stream reach contains relatively slow-flowing water with depths that may exceed 6 m at base flow. This section of the Deep River has been shown to be relatively uncontaminated by organic pollutants (18) and thus provided a rigorous test of the adipose fin and PSD sampling techniques for detecting and measuring lowlevel contamination.
Materials. Mobile PSDs were attached directly to wild flathead catfish confined to the study reach (a non-native, naturalized population). The mobile PSDs (and a set of three stationary PSDs deployed at a site in the river) were composed of virgin poly(dimethylsiloxane) (PDMS) sheeting (0.16 cm thick) manufactured by Diversified Silicone Products Inc. (Santa Fe Springs, CA) and purchased from McMaster Carr (Atlanta, GA). PDMS disks were constructed by punching circles (14 mm diameter) from the PDMS sheet with a cork punch. The average weight of a PDMS disk was 0.3 g (n ) 324 disks made). The PDMS disks were placed in a 20-mL vial containing 18 mL of acetone and shaker-extracted (350 rpm) for 30 min. This pre-extraction process was repeated five times with fresh solvent, and the clean disks were then placed in solvent-rinsed foil and dried in a 60°C oven for 10 min. Following pre-extraction, PDMS disks were fortified with two performance reference compounds [PRCs Cl(02) and Cl2(11)] prior to deployment following methods described by Booij et al. (19) , with the following two modifications: PRCs were spiked into a 50:50 methanol:water solution and PDMS disks were added to the solution and allowed to shake overnight (minimum of 8 h).
For comparative purposes, another set of two stationary PSDs, composed of virgin low-density polyethylene (LDPE) tubing (75 mm wide and 1 mm thick) was deployed alongside the PDMS stationary PSDs at a site in the river. Each LDPE sampler, purchased from Brentwood Plastics Inc. (St. Louis, MO), was 75 mm wide and 250 mm in length. LDPE strips were extracted in hexane overnight prior to use. To avoid contamination of samples, all glassware, aluminum foil, stainless steel wiring, and sodium sulfate were either baked at 300°C overnight or rinsed three times each with acetone, methylene chloride, and hexane, as appropriate. All solvents used in this study were Ultra Resi-Analyzed grade purchased from J.T. Baker Inc. (Phillipsburg, NJ). Polychlorinated biphenyls and organochlorine mixtures for use in spike recovery studies and residue analysis were purchased from AccuStandard Inc. (New Haven, CT).
Sample Collection. Between May 12 and June 29, 2004, 108 flathead catfish were collected by standard boatmounted, low-frequency, pulsed-DC, electrofishing methods from the study reach of the Deep River. Once captured, the fish were promptly measured (total length in mm) and weighed (wet weight in g), and a medium Floy T-Bar Anchor Tag (7.62 cm long), modified to carry three PDMS disks, was attached to each fish. Each PDMS disk was separated by a 5-mm piece of polyethylene aquarium tubing as a spacer, and the modified anchor tag was inserted into the axial muscle tissue of the fish near the insertion of the dorsal fin ( Figure  1 ). The PDMS disks and spacers were threaded onto the anchor tag by hand using latex gloves immediately prior to tagging to minimize contamination. The free end of the anchor tag was doubled over and held secure with a small polyethylene tie-wrap to prevent the PDMS disks from slipping from the anchor tag while attached to the fish. The unique anchor tag number associated with each fish was recorded and the fish was released back into the Deep River.
The sets of stationary PDMS and LDPE samplers were deployed at a site in the study reach of the Deep River just upstream of Carbonton Dam in polypropylene cages that shaded the PSDs from sunlight and protected them from floating debris. All passive samplers (PDMS and LDPE) were deployed for a minimum 21-d exposure period.
After the minimum 21-d deployment period, four 1-d electrofishing outings were conducted for recovery of tagged flathead catfish. Upon recapturing a PDMS tagged flathead catfish, the tag number was recorded and the fish was measured, weighed, euthanized, and held on ice in the field. The fish (with tags still attached) were then transported to the Analytical Toxicology Laboratory in the Department of Environmental and Molecular Toxicology at North Carolina State University and stored frozen (-20°C) until processing.
Sample Extraction and Analysis. At the time of processing, PDMS disks were removed from the anchor tags of fish (mobile sampler) or stainless steel wire (stationary sampler) and rinsed with deionized water to remove any biofilm. Each of the PDMS disks were cut into four small pieces with solventrinsed stainless steel scissors; spiked with a surrogate internal standard (SIS) mix containing dibromooctafluorobiphenyl (DBOFB), Cl5(112), and Cl8(197); and serially extracted three times in 4.5-mL vials on a shaker-table with a total 10 mL of acetone. Total extraction time was approximately 14 h. Extracts were collected and concentrated to less than 4 mL with a gentle stream of nitrogen and then filtered with a Whatman Uniprep filter vial, 0.45 µm poly(tetrafluoroethylene) (PTFE). The filtered extract was further concentrated with nitrogen to 0.5 mL and spiked with a recovery internal standard, tetrachloro-m-xylene (TCMX).
LDPE strips were rinsed with deionized water, cut into small pieces with solvent-rinsed stainless steel scissors, spiked with SIS, and serially extracted three times in Teflon bottles on a shaker-table with a total of 150 mL of methylene chloride. Extracts were combined, filtered with a Whatman Uniprep filter, and concentrated to 1 mL. Any waxes were then removed by gel permeation chromatography (GPC). The final extract was solvent exchanged to hexane and evaporated to 0.5 mL and spiked with TCMX.
Samples of adipose fin and axial muscle fillet (right dorsal) were dissected from each of the recaptured flathead catfish bearing an anchor tag and extracted in the following manner. The adipose fin was removed with a stainless steel solventrinsed scalpel, weighed, cut into smaller pieces, spiked with SIS, mixed with sodium sulfate, and serially extracted three times in Teflon bottles on a shaker-table with a total of 15 mL of methylene chloride. The axial muscle fillet was dissected with a stainless steel solvent-rinsed fillet knife, weighed, homogenized, spiked with SIS, mixed with sodium sulfate, and serially extracted in Teflon bottles on a shakertable with methylene chloride (1:40 fresh wet weight to solvent volume ratio). Total extraction times for the fish tissues were 24 h. Solvent from the three sequential muscle extractions was combined and reduced in volume by rotary evaporation at 35°C to 35 mL. A gentle stream of nitrogen further reduced the extracts from both the muscle tissue and the adipose fin tissue to less than 4 mL. Extracts were then filtered with 0.45-µm PTFE syringeless filters. GPC was used to separate lipids from the pollutant fraction. The fraction containing the target analytes was solvent exchanged to hexane and reduced in volume to 1.5 mL. The concentrated extracts were applied to the top of a hexane-conditioned silica column. PCBs and OCPs were eluted with hexane and methylene chloride, solvent exchanged to hexane, concentrated to 0.5 mL, and spiked with TCMX. Lipid fractions were determined by evaporating and weighing lipid in an aluminum pan.
PCBs and OCPs were analyzed using an Agilent 6890 gas chromatograph (GC) equipped with electronic pressure control connected to a 5973n mass selective detector or an electron capture detector (ECD). For GC-ECD analysis, extracts were injected in the pulsed splitless mode and separated on a 30-m × 0.32-mm ZB-50 (0.25-µm film thickness) fused silica capillary (Phenomenex, Inc. Torrance, CA). The temperature was programmed as follows: initial temperature 60°C for 1.4 min, 20°C/min to 210°C, 1°C/min to 250°C, 10°C/min to 300°C, hold for 7 min. The injector and detector were set at 300°C. For GC-MS analysis, extracts were injected in pulsed splitless mode and separated on a Restek 30-m × 0.25-mm Rtx-5 (0.25-µm film thickness) MS with IntegraGuard column. The pressure was ramped to 30 psi before injections with a 1-min hold time. The pressure was then dropped to a constant flow of 1 mL/min for the duration of the run. The temperature program was as follows: initial temperature 50°C for 1.0 min, 25°C/min to 100°C, 15°C/ min to 245°C, 0.5°C/min to 247°C, 10°C/min to 300°C, hold for 5 min. The injector and detector were set at 300°C. Selected ion monitoring (SIM) was used for the analysis.
Response factors were generated using a four-or fivepoint calibration curve, and response was monitored using the midlevel calibration standard. The relative percent difference between the midlevel check was always less than 15% for all analytes. Sample concentrations were calculated using the generated response factors and were based on the known amount of TCMX injected. A rigorous quality assurance protocol that included the measurement of solvent blanks, procedural blanks, replicate analyses, matrix spikes, and SIS recovery was followed during all analyses. Matrix spike recoveries ranged from 45 to 114%, surrogate recoveries for muscle tissue were all >70%, surrogate recoveries for adipose fin were all >50%, laboratory replicate relative standard deviations were <15%, and method blanks were not detected. The data were not corrected for recovery. Method detection limits were as follows: PDMS ranged from 0.004 to 0.08 ng/g disk (GC-ECD) and muscle and adipose fin tissue ranged from 0.2 to 0.5 ng/g (GC-MS) dry weight. Fish contaminant data were normalized for lipid content and are reported as ng/g lipid weight. The relation among contaminant concentrations in adipose and muscle tissue of fish and PSDs was evaluated with linear regression and Pearson correlation analysis.
Results and Discussion
Of the 108 flathead catfish tagged with PDMS anchor tags, a total of seven fish were recovered from the Deep River (Table 1) , resulting in a 6.5% recapture rate. This recapture rate was well within the range (3-10%) of that expected for riverine flathead catfish populations sampled with our electrofishing method (20, 21) , which is considered the most effective technique for collecting this species (22) (23) (24) . These seven fish provided a robust number of samples to assess the relation of contaminant uptake into PDMS passive samplers to that accumulated in fish tissues. The total length of the fish recovered with PDMS anchor tags averaged 304 mm (range 215-518 mm) and weighed from 68 to 1352 g wet weight (Table 1 ). The wet weight of adipose fin samples averaged 1.1 g and contained a mean lipid content of 13%, whereas axial muscle samples had a mean wet weight of 20 g and a mean lipid content of 0.1% (Table 1) .
PCB and OCP Concentrations in Adipose Fin and Muscle Tissue. Although the flathead catfish collected in this study were all relatively small and young (average-size fish was approximately 2 years of age and largest fish was about age 4 or 5; 21) and came from a relatively unpolluted system, they had accumulated measurable quantities of PCBs and OCPs in their tissues (Table 2) . Moreover, there was a strong linear relation (R 2 ) 0.87) between PCB and OCP concentrations in adipose fin and muscle tissue (Figure 2 ), illustrating the great potential for analysis of the adipose fin to serve as a nonlethal sampling technique to predict organic contaminant concentrations in muscle tissue. Because flathead catfish often attain a large size (e.g., 9-30 kg), are obligate carnivores and an apex predator in most systems, and are gaining value as a prized sport fish for human consumption, this predictive relation may have implications as a method for monitoring organic contaminants for assessment of human health risk from fish consumption.
The adipose fin is located medially between the dorsal and caudal fins of fish and is somewhat restricted taxonomically; occurring only among eight groups of teleosts (25) . However, many of the species in these groups have extensive commercial (economic), recreational (sport fish), and ecological importance, such as those belonging to the families Ictaluridae (catfishes) and Salmonidae (trouts and salmons). Other families of fish like the Osmeridae (smelts) and Percopsidae (trout-perches) also contain species that have adipose fins and may broaden the applicability of using adipose fin clips for monitoring organic contaminants. State and federal fish and wildlife management agency biologists commonly remove the adipose fin of fish for tagging purposes (5), often to identify hatchery-reared trout and salmon from wild fish for population assessments. Because this fin performs no known vital physiological function in fish (26) and is easily accessible and removed in the field, the potential for it to serve as a nonlethal technique to sample biological tissue is great. However, we found that to facilitate comparison of adipose fin and muscle tissue, normalization of contaminant concentrations to lipid content was required due to the greater lipid composition in the adipose fin verses the muscle tissue (Table 1) . Once this normalization to lipid was performed, our data showed that concentrations of PCBs and OCPs measured in adipose fins provided an accurate estimate of concentrations commonly obtained by traditional lethal methods of sampling muscle fillets.
The PCB congener profiles of the seven recaptured fish, expressed as logarithmic concentrations, were consistent between the muscle tissue (Figure 3a ) and adipose fin ( Figure  3b ). The biotransformation of the lower chlorinated PCB congeners in fish has been documented (27) (28) (29) (30) , which may explain the lack of detection of the di-CB congeners in both tissues. Congeners with five or more chlorines were the most abundantly detected, peaking at hexa-CBs and then decreasing as chlorine number increased further (Figure 4 ). This trend is similar to that previously observed in the marine fishes striped mullet (Mugil cephalus) and spotted seatrout (Cynoscion nebulosus) and supports the hypothesis that heavily chlorinated PCBs may have restricted membrane permeability, which serves to decrease their uptake in fish (31, 32) . Interestingly, PCB congener 195 was detected in all adipose fin samples in our analyses, whereas only one of the muscle tissue samples had detectable concentrations of Cl8 (195) .
Advances in analytical chemistry over the past decade have been critical to the development and use of nonlethal sampling techniques. Analytical technology improvements have paved the way for scientists to examine the concentration of contaminants in smaller tissue samples with the accuracy that compares to traditional methods (1). The average ratio of muscle tissue wet weight extracted to adipose fin wet weight extracted was 50:1. Even the smallest adipose fin (0.13 g) analyzed in our study provided an adequate amount of tissue for determination of organic contaminants. This illustrates that accurate measurements of organic contaminants can be determined from small tissue samples that do not require invasive or lethal procedures. Moreover, the analytical advances coupled with smaller tissue sample sizes that are required has the added benefit of reduced solvent use, thereby decreasing the cost of extraction and solvent disposal. Estimated Exposure Concentrations from Passive Sampling Devices. To our knowledge, this study has demonstrated for the first time the use of mobile PSD technology (i.e., PDMS anchor-tagged fish) for assessing real-time, location-specific exposure of an organism to waterborne contaminants. Using PDMS as a time-integrated passive sampling device is a relatively new technique; however, we found that this technology could detect and measure the presence of PCBs and OCPs (Table 2 ) in a relatively uncontaminated ecosystem over a 25-36-d deployment period. Another major benefit of this approach is that the PDMS disks attached to the fish with anchor tags showed no signs of harming the fish (e.g., lack of skin abrasion or inflammation) upon recapture beyond the minimal impact of normal anchor-tagging techniques.
The estimated water concentrations of individual PCB congeners and OCPs from the PSDs [estimates obtained by using a standard sampling (uptake) rate equation and empirically derived PRC adjusted sampling rates (33)] were extremely low (0.2-2 ng/L); therefore, we report the sum of the 21 PCB congeners and the 28 OCPs quantified ( Table 2) . The primary OCPs detected were similar among samples analyzed and included cis-chlordane, trans-chlordane, 2,4′-DDD, 4,4′-DDD, 4,4′-DDE, 2,4′-DDT, dieldrin, heptachlor epoxide, hexachlorobenzene, lindane, mirex, and transnonachlor. The estimated sum concentrations of PCBs in water derived from PDMS anchor-tagged fish (mobile PSDs) ranged from 0.6 to 13.1 ng/L, and the sum concentrations of OCPs ranged from 1.8 to 59.6 ng/L. The exposure concentrations estimated from both the mobile and stationary PSDs were similar to concentrations reported from a previous study that used stationary LDPE PSDs to measure organic pollutants in this same river and general study area (18) .
The target analytes in this study were environmentally persistent and extremely lipophilic; log octanol-water partition coefficients (KOW) ranged from 3.6 to 8.2 (34) . Therefore, if the role of dietary uptake in the catfish had minimal effects, there should have been a correlation between tissue concentrations estimated from PSDs and measured tissue concentrations; this was not the case in our study. Ellis et al. (17) also observed a poor relation between concentrations of OCPs in SPMDs and carp (Cyprinus carpio), sauger (Sander canadensis), and channel catfish (Ictalurus punctatus) from the Mississippi River. In contrast, Meadows et al. (10) , who compared the uptake of PCBs between SPMDs and brown trout, found that uptake rates of the two matrixes were similar within a factor of 2. Nonetheless, any potential variation between residues accumulated in PSDs and biota could simply be attributed to the role of dietary uptake or metabolism of targeted compounds in fish that are not accounted for in PSDs. Tissue steady-state bioconcentration models are often used to estimate the tissue PCB concentrations using a steady-state bioconcentration factor (BCF) for fish. However, this model does not account for consumption of contaminated food or clearance of chemicals (35) . Specific flathead catfish BCF and depuration rate constant values were not available in the published literature; therefore, we used values from Fox et al. (36) for zebrafish (Brachydanio rerio) to predict tissue concentrations from the water concentrations estimated from PSD residues.
Because such low concentrations of the target analytes were detected with the PSDs compared to those detected in the tissues (Table 2) , it was unlikely that the water phase was the only source of contaminant uptake for the fish. This relation is further illustrated in Figure 4 , which represents estimated and measured tissue concentrations from the three matrixes examined in this study for fish sample no. 24163. As stated previously, PSDs are most commonly used as a tool to estimate freely dissolved water concentrations. Our PSDs estimated that concentrations of PCBs in the water phase were extremely low, if present at all (Table 2) . This corresponded to the low concentrations predicted for tissue concentrations from PSDs, as shown in Figure 4 . This pattern is consistent with the fact that PCBs have extremely low water solubilities and tend to partition to sediments, dissolved organic carbon (DOC), or particulate organic carbon (POC) (35) . Therefore, PCBs may not be readily available to be sampled by PSDs. On the basis of PCB characteristics in water, and the similarities of water concentrations estimated from PSDs in this study to those measured in a previous study from the same river and general location (18), we were confident in the PSD estimates of PCB concentrations. Interestingly, each of the PSDs deployed in this study detected Cl2(08), which was detected in only one of the muscle tissue samples. The absence of Cl2(08) in the majority of tissue sampled could potentially be due to the ability of fish to metabolize lower-chlorinated PCBs (32) . Although water concentrations of PCBs estimated from PSDs were low, they were present and detected by our methods. The detection of low concentrations of PCBs can be attributed to the premise behind passive sampling techniques, which allow PSDs to preconcentrate hydrophobic residues over time to concentrations greater than those achieved by traditional sampling techniques such as static, grab water samples that may not have detected PCBs.
Bioaccumulation models may be better suited for estimating HOCs in flathead catfish, because they are susceptible to accumulating PCBs and OCPs from both contaminated sediment and ingestion of contaminated food; they are both predatory and bottom-dwelling fish. Most PCBs have a log KOW greater than 5; therefore, it is highly likely that bioaccumulation is occurring through trophic transfer in food, which has been confirmed by field studies (37) (38) (39) , or from DOC, POC, or sediment-associated congeners. This could have resulted in the increased PCB concentrations that were observed in both flathead catfish adipose fin and muscle tissue compared to the predicted tissue concentrations based on water concentrations estimated from PSD residues (Figure 4) .
Contribution of PRCs to Predicting Uptake by PSDs. We added PRCs to the PDMS matrix prior to deployment to evaluate how environmental conditions affected the uptake of chlorinated contaminants. Uptake rates of PSDs are known to be affected by environmental conditions, such as water temperature and flow and biofouling of the membrane (12, 40) , which are unique to each sampling location and exposure scenario. PRCs are noninterfering (analytically) compounds with water solubilities (KOW) similar to the target compounds of interest, which are added to the PSD prior to deployment. Elimination rates of PRCs from PSDs, determined in laboratory calibration experiments, are proportional to the uptake of target compounds and, consequently, the rate of PRC loss can be used to adjust sampling rates accordingly (12) . An equation developed by Huckins et al. (12) was used to determine site-specific elimination rates of PRCs in this study; the equation is used when PRC concentrations are measured prior to deployment and at the end of an exposure study. With that equation, a site-specific PRC elimination rate can be used to calculate an exposure adjustment factor (EAF), which is then used to determine the site-specific sampling rate. The application of PRCs to adjust sampling rates not only reduces the amount of controlled laboratory studies needed to use PSDs but also improves the overall error associated with estimating water concentrations from PSDs (12) .
The PRC addition technique proved to be especially useful in this study with mobile PSDs, because increased shear flow across the membrane has been shown to significantly increase the uptake of hydrophobic contaminants with log KOW > 4.4 into the PSD (40) . In general, the change in initial concentrations of the PRCs should be between 20 and 80%. However, if no loss is observed, then it is assumed that all compounds with log KOW greater than that of the PRC are in the linear uptake phase. Conversely, if all of the PRC is lost during a deployment, compounds with log KOW similar to that of the PRC will be at equilibrium (12) . The PRC loss from the mobile PSDs deployed in this study ranged from 77 to 99% for PRC Cl(02), indicating that all compounds with log KOW < 4.6 were at equilibrium. Therefore, an equilibrium model should be used for those target analytes, when applicable. Of the 50-plus compounds analyzed in this study, only five had log KOW values less than 4.6. Of those five, lindane and R-BHC were the only two compounds detected in the PDMS in which water concentrations were estimated with PDMS equilibrium water partition coefficients (33) . In this instance, the PDMS no longer provided a time-weightedaverage concentration of lindane and R-BHC. The loss of PRC Cl2(11) ranged from 2 to 65%, and the log KOW of Cl2 (11) is 5.3. This loss rate indicates that most of the analytes of interest in this study were in the linear uptake phase, where integrative sampling occurs. The standard sampling (uptake) rate equation with the substitution of the sampling rate that has been adjusted with an EAF (12) was used to estimate the water concentration for all compounds with a log KOW > 5.3.
The stationary PDMS disks deployed in this study had less than 20% loss for both of the PRCs analyzed. Therefore, a linear uptake model was used to estimate water concentrations from the stationary PDMS disks. These results demonstrate the importance of knowing which model to use when estimating water concentrations from PSDs. Selection of the appropriate phase is dependent on the physicochemical properties of target analytes, exposure duration, and exposure conditions (temperature, biofouling, hydrodynamics).
In summary, the flathead catfish analyzed in this study yielded promising results for using adipose fin removal as a nonlethal sampling technique to assess exposure to, and bioaccumulation of, HOCs. The utility of the adipose fin clip as a nonlethal, noninvasive sampling technique can be judged against criteria developed by Morizot et al. (41) , which state that the procedures must indeed be nonlethal and that the techniques employed do not result in adverse effects to the fish. Even though these two outcomes were not specifically examined in this study, the adipose fin removal procedure has been extensively used in mark-recapture studies for many years in fisheries science with little to no adverse effects on the subjected fish (5, (42) (43) (44) . Another decisive factor facilitating the use of nonlethal sampling techniques is the amount of tissue extracted or removed from the fishsthere should be ample tissue for the desired analysis. In our study, even the smallest adipose fin sample yielded sensitive analytical results that were highly correlated with PCB and OCP concentrations from the corresponding muscle tissue fillet. The final measure of any successful nonlethal sampling technique is its application to the taxa being studied. This procedure is obviously limited to species of fish that have an adipose fin, which include the Ictaluridae, Salmonidae, Osmeridae, and Percopsidae families of fish, among several others. Although limited, these families of fish include many of the important commercial and sport fish species, such as catfish, salmon, and trout, that are consumed by humans. The ability to assess the contaminant burden in these farmraised and wild fish before human consumption is extremely important (45, 46) , and obtaining that information without suffering any economic or ecological losses to production or wild populations by nonlethal sampling of the adipose fin would be a tremendous advance. Further, these fish families represent a variety of species with varying habitat use, migratory behavior, feeding modes, and reproductive ecology for application to future research. This approach has wideranging implications and may be especially useful in studies evaluating the effects of organic contaminant exposure for restoration of certain declining fish populations. This would be especially useful to those concerned with threatened or endangered species, in which lethal sampling is not feasible or permitted. Overall, the analysis of adipose fin proved to be a very practical tool that can be used to estimate muscle tissue concentrations of HOCs without harming the fish.
Results from this study also demonstrated for the first time that mobile PSDs made from PDMS disks and attached to fish with anchor tags can be a valuable tool for assessing real-time, location-specific exposure of fish to organic contaminants. The mobile PSD concept, combined with radiotelemetry studies, would offer the ability to measure organic contaminant exposure while at the same time tracking the animal to attempt to determine the ultimate source of contamination (e.g., spawning grounds versus maturation grounds for migratory fish species). In view of this work, there appear to be no practical or physical barriers to the use of mobile PSDs on fish or other aquatic organisms. The PDMS disks fortified with PRCs reflected diverse exposure conditions for mobile PDMS verses the stationary PDMS and allowed us to better estimate site-specific water concentrations of contaminants. Additional research is needed with both of these techniques to confirm our observed relation between contaminant concentrations in adipose fin and muscle tissue for flathead catfish and other applicable species as a nonlethal sampling technique and to further test and evaluate the mobile PSD concept with PDMS for measuring environmental pollutants.
